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(si) Sampling valve. 



(57) The sampling valve is used for sampling 
blood and the like for an automatic analyzing 
apparatus. It has a movable element (14) be- 
tween a pair of fixed elements (10, 12). To 
prevent frictional sticking, lubricant is provided 
in a reservoir (27) around the movable element 
(14) and a recess (15) extends round the outer 
periphery of each pair of abutting sliding sur- 
faces (10b, 14a, 14b, 12a) of the fixed and 
movable elements (10, 12, 14). Each recess (15) 
has walls which diverge as they lead away firom 
the outer periphery of the associated pair of 
sliding surfaces. This helps to direct lubricant 
between the fixed and movable elements (10, 
12, 14). An enclosure (24) defines the reservoir 
(27) and has an opening (25) out of which 
extends an anm (28) that is used to rotate the 
movable element (14). Only a small force is 
required to rotate the arm (28). 
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The present invention relates to a sampling valve 
for sampling a liquid specimen, such as blood, for an 
automatic analyzing apparatus. 

In an automatic analyzing apparatus such as a 
blood analyzer, a valve called a sampling valve has hi- 
therto been used for measuring and distributing liquid 
specimens. 

Figs. 1 and 2 are diagrams which explain the op- 
eration of a conventional sampling valve. The sam- 
pling valve has fixed elements 40, 42 and a rotary 
element 44, and operates as described below. 

The sampling valve has a first state (sample suc- 
tion state) as shown in Fig. 1 and a second state (sam- 
ple delivery state) as shown in Fig. 2. In the first state 
(Fig. 1), a through hole P1 provided in the rotary ele- 
ment 44 communicates with through holes P2, P3 pro- 
vided in the fixed elements 40, 42. At this time, as a 
suction cylinder C1 operates, a specimen 46 in a con- 
tainer48 is sucked up, and the through hole P1 is filled 
with a specific amount of specimen. 

Then, the rotary element 44 rotates through a 
specific angle to move into the second state (Fig. 2). 
The through hole P1 in the rotary element 44 now 
communicates with other through holes P4, P5 pro- 
vided in the fixed elements 40, 42. 

As a metering cylinder C2 operates in discharge 
mode, the specific amount of specimen contained in 
the through hole P1 is pushed out into a container 50 
together with a specific amount of diluting solution. 
Thus, a diluted specimen of a specified concentration 
Is prepared In the container 50. 

In the sampling valve, the mutually contacting 
and rubbing surfaces (called sliding surfaces herein- 
after) of the fixed elements and rotary element must 
have a very smooth mirror surface. Otherwise, if the 
sliding surfaces are damaged or rough, liquid will es- 
cape from the outer circumference of the sliding sur- 
faces, and the quantitative determination may be 
wrong. 

However, if the sliding surfaces are nearly per- 
fectly flat, the fixed elements and the rotary element 
stick to each other and the rotary element cannot ro- 
tate. 

To prevent sticking, one of the sliding surfaces 
has a very slight curvature. If the degree of curvature 
is excessive, however, liquid escapes. 

To prevent sticking in a sampling valve having 
very flat sliding surfaces, the sampling valve of Japa- 
nese Laid-open Utility Model Sho. 62-197040 has a 
cylinder which encloses the fixed and rotary ele- 
ments. The gap between the cylinder and rotary ele- 
ment is filled with liquid which acts as a lubricant. 
Because the periphery of the rotary element is en- 
closed by the cylinder, the rotary element has to be ro- 
tated by a central drive shaft. It is difTicult to fix the 
drive shaft to the rotary element with high precision. 
Also, because the drive shaft has a small diameter a 
large force is needed to rotate the rotary element. 



According to the present invention, there is pro- 
vided a sampling valve for sampling a liquid speci- 
men, comprising: a movable element which has at 
least one liquid specimen distribution hole and is posi- 
5 tioned between two fixed elements having liquid spe- 
cimen distribution holes; a liquid chamber extending 
round the outer periphery of at least one pair of sliding 
surfaces of the fixed and movable elements; and a re- 
cess for each pair of sliding surfaces, the recess hav- 
10 ing walls which diverge as they extend away from the 
outer periphery of the pair of sliding surfaces. Be- 
cause of the diverging walls of the recess(es), lubri- 
cant in the liquid chamber is more easily able to 
permeate between the movable and fixed elements to 
15 prevent sticking of the movable element. 

Preferably, the movable element is a rotatable 
element and the sampling valve has an arm extending 
outwardly from the movable element to pennit rotation 
thereof. Only a small force needs to be applied to the 
20 arm by a driving source to effect the desired rotation 
of the movable element. 

The Invention will now be described by way of 
non-limiting embodiments with reference to the ac- 
companying drawings, in which: 
25 Fig. 1 is a diagram wh ich shows a first state (spe- 

cimen delivery state) of the conventional sam- 
pling valve; 

Fig. 2 is a diagram which shows a second state 
(specimen delivery state) of the conventional 
30 sampling valve of Fig. 1 ; 

Fig. 3 Is a partially cut-away sectional view of the 
main parts of a sampling valve in accordance with 
the present invention; 

Fig. 4 is a sectional view in the direction of arrow 
35 4 of Fig. 3; 

Fig. 5 is a magnified sectional view showing slid- 
ing surfaces of fixed and rotary elements of a 
sampling valve in accordance with the present in- 
vention; 

40 Fig. 6 shows an altemative to Fig. 5; and 

Fig. 7 is a diagram showing the entire sampling 
valve of Fig. 3. 

Figs. 3 and 4 show the main parts of a sampling 
valve in accordance with the present invention. For 
45 ease of understanding, the driving source is not 
shown. 

The movable element of the sampling valve is a 
rotary element 14. The rotary element 14 is disposed 
between fixed elements 10, 12 and all three elements 

50 are concentrically mounted on a shaft 16. A fixing 
piece 20 keys together the shaft 16 and the fixed ele- 
ments 10, 12 and a clamping piece 18 presses the 
three elements against the fixing piece 20. A driving 
source 21 (see Fig. 7) engages an anm 28 to rotate the 

55 rotary element 14. A liquid chamber 27 extends round 
the outer circumferences of sliding surfaces 1 0b, 14a, 
14b, 12a of the fixed elements 10, 12 and the rotary 
element 14. The fixed elements 10, 12 have notches 
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22 in which key portions of the fixing piece 20 fit. The 
liquid chamber 27 has an upper opening 26 through 
which passes the amn 28. 

The sampling valve has two states. The first state 
is the initial state, which is the sample suction mode. 
The second state is the changeover state, which is the 
sample delivery mode. Around the outside of the ro- 
tary element 14 there is an enclosure 24. This enclo- 
sure 24 is a short cylindrical member having an upper 
opening 25. The opening 25 of the enclosure 24 forms 
the opening 26 of the liquid chamber 27. The inner di- 
ameter of the enclosure 24 is slightly larger than the 
outer diameter of the rotary element 14, and the outer 
diameter of the enclosure 24 is slightly smaller than 
the outer diameter of the fixed elements 10, 12. By 
moving the anm 28 within the opening 25 of the enclo- 
sure 24, the rotary element 14 can be rotated. 

In Fig. 4, the amn 28 drawn with solid lines is in 
the first state (sample suction state) and the amn 28 
drawn with two-dot chain lines is in the second state 
(sample delivery state). Between the front and rear 
sides of the enclosure 24 and the fixed elements 10, 
12, sealing materials (for example, seals 29) are pro- 
vided. The seals 29 maintain an airtight seal between 
the enclosure 24 and the fixed elements 10, 12. As a 
result, the liquid chamber 27 with its opening 26 is 
formed around the rotary element 14. The enclosure 
24 and seals 29 may be replaced by a single resilient 
(e.g. rubber) body. This has the advantage of reduc- 
ing the number of parts. 

The fixed element 12 is provided with an inlet pas- 
sage 34 for a cleaning solution and the fixed element 
1 0 has an outlet passage 32 for the cleaning solution. 
These passages 32, 34 communicate with the liquid 
chamber 27. The fixed element 10 also has an over- 
flow passage 36. The position of the passage 36 is in- 
dicated by a two-dot chain line in the opening 26 in 
Fig. 4. Pins 38a, 38b are provided on the enclosure 24 
and they hold the enclosure 24 in position by extend- 
ing into holes (not shown) in the fixed element 10. 

The driving source 21 may be an air cylinder. Be- 
cause the rotary element 14 is rotated by the arm 28, 
only a small force is needed. The arm 28 moves by re- 
ciprocating within the opening 25 of the enclosure 24. 

The entire sampling valve is shown in Fig. 7 and 
is fixed to the main body of an automatic analyzer (not 
shown). 

In this embodiment, the fixed elements 1 0, 12 and 
the rotary element 14 are made of porous ceramic. 
The three elements 10, 12, 14 are in disc form and 
have flat planes 10a and 10b, 12a and 12b, and 14a 
and 14b on their front and rear sides, respectively. 
The flat planes 10b, 12a, 14a, 14b are well-polished 
smooth surfaces, and the planes 10b and 14a, and 
1 2a and 14b, rub against each other. As the rotary ele- 
ment 14 rotates and moves relative to the fixed ele- 
ments 10, 12, the first state and second state are 
formed. 



Fig. 5 is a magnified sectional view of the sliding 
parts of the fixed element 10 and rotary element 14. 

In addition to the liquid chamber 27 disposed 
round the outside of the sliding surfaces 1 0b and 14a, 
5 there is a small wedge-shaped recess 15 which has 
walls which widen in the radially outwards direction 
from the outer circumferential edges of the sliding sur- 
faces 10b and 14a. In Fig. 5, a C plane 15a is formed 
in the outer circumferential edge of the rotary element 
10 14 and extends in the radial direction. Instead of the 
C plane, an R plane may be used. 

Fig. 6 shows an alternative to Fig. 5. In Fig. 6, a 
C plane 15b is formed round the sliding surface 10b 
of the fixed element 1 0. Instead of the C plane, an R 
15 plane may be used. 

because the outer edges of the sliding surfaces 
are surrounded by tapered recesses 15, the cleaning 
solution is easily able to permeate between the sliding 
surfaces. The cleaning solution acts as a lubricant 
20 and prevents sticl^ing of the sampling valve. 

Embodiments of sampling valves in accordance 
with the present invention offer the following benefits: 

(1) because a tapered recess leads to each pair 
of sliding surfaces of the movable and fixed ele- 

25 ments, the cleaning solution in the liquid chamber 

is more easily able to permeate between the slid- 
ing surfaces, to act as a lubricant to prevent the 
sampling valve from sticlcing. 

(2) The cylindrical enclosure which forms the liq- 
30 uid chamber has an opening so that a radially ex- 
tending arm couples the driving source to the 
movable element. Thus, the sampling valve may 
be operated by using a small force. 

Having described preferred embodiments of the 
35 invention with reference to the accompanying draw- 
ings, it is to be understood that the invention is not lim- 
ited to those precise embodiments, and that various 
changes and modifications may be made by one skil- 
led in the art without departing from the invention. 

40 

Claims 

1. A sampling valve for sampling a liquid specimen, 
45 comprising: 

a movable element (14) which has at least 
one liquid specimen distribution hole and is posi- 
tioned between two fixed elements (10, 12) hav- 
ing liquid specimen distribution holes; 
50 a liquid chamber (27) extending round the 

outer periphery of at least one pair of sliding sur- 
faces (10b, 14a, 14b, 12a) of the fixed and mov- 
able elements (10, 12, 14); and 

a recess (1 5) for each pair of sliding surfac- 
55 es, the recess having walls (15a, 15b) which di- 

verge as they extend away firom the outer 
periphery of the pair of sliding surfaces. 
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2. A sampling valve according to claim 1, wherein 
the fixed elements (10, 12) have passages (32, 
34) for adding liquid to and draining liquid from the 
liquid chamber (27) and an overflow passage (36) 

for the liquid chamber (27). 5 

3. Asampling valve according to claim 1 or 2, further 
comprising an enclosure (24) extending round the 
outer periphery of the movable element (14), with 

the liquid chamber (27) being defined between io 
the enclosure and the movable element and the 
ends of the enclosure (24) being sealed against 
the fixed elements (10, 12). 

4. A sampling valve according to claim 3, wherein 15 
the movable element (14) is a rotatable element. 

5. A sampling valve according to claim 4, further 
comprising an arm (28) projecting outwardly from 

the outer periphery of the movable element (14) 20 
and through an opening (25) in the enclosure (24) 
for rotating the movable element when the arm Is 
rotated by a driving source (21). 

6. A sampling valve according to claim 5, further 25 
comprising a driving source (21) connected to the 

arm (28). 

7. A sampling valve according to any one of claims 

3 to 6, wherein the enclosure (24) is cylindrical. 30 

8. A sampling valve according to any one of claims 
1 to 7, wherein the movable and fixed elements 
(10, 12, 14) are disc shaped and each liquid spe- 
cimen distribution hole extends between the front 35 
and rear faces of its associated movable or fixed 
element (10, 12, 14). 

9. A sampling valve according to any one of claims 

1 to 8, wherein each recess (15) extends com- 40 
pletely around the outer periphery of its associat- 
ed pair of sliding surfaces (10b, 14a, 14b, 12a). 
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FIG. I PRIOR ART 
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FIG.2 PRIOR ART 
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FIG.3 
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FIG.4 
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FIG.5 
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